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ABSTRACT 
Rising global carbon emissions is considered the main driver of climate change, which 
threatens to reduce the habitability of various parts of the world. The largest source of these 
emissions is electricity generation. As such, renewable energy technologies like wind and solar 
photovoltaics have been subsidised by developed nations, with the aim of providing a carbon 
free way of meeting future electricity demand. As the world’s electricity production shifts from 
developed nations to developing nations, it is assumed that the benefits brought about by 
renewable energy subsidies will allow developing nations to meet their growing electricity 
demand using renewables instead of carbon intensive fossil fuels. However, this assumption 
has proven to be false. Although renewable energy is more affordable than ever before, 
developing nations are still planning to use large shares of fossil fuels to meet their future 
electricity demand. Additionally, renewable energy still suffers from unreliability and a lack of 
viable energy storage options. The effectiveness of renewable energy subsidies is dictated by 
a country’s priorities surrounding energy policy. The unreliability of renewable energy may 
not be an issue for developed nations due to their robust electrical grids and strong backups of 
reliable power generation (namely fossil fuels and large hydropower dams). This allows them 
to focus their energy policy on climate change and provides a pathway for renewable energy 
subsidies to effectively reduce emissions in developed nations. In contrast, developing nations 
are struggling to achieve basic energy access and frequently suffer from power outages due to 
weak electricity grids. These problems take priority over carbon emissions and climate change, 
resulting in the continued use of fossil fuels due to their affordability and reliability. Therefore, 
renewable energy subsidies are not an effective way of reducing global carbon emissions, as 
they have been unable to reduce the use of fossil fuels in developing nations (the major source 
of carbon emissions in the future). Alternative methods that may be more effective at reducing 
carbon emissions include helping developing nations solve their energy access and reliability 
problems directly. This will allow them to more quickly shift their focus to combating climate 
change. 
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1 INTRODUCTION 
There is increasing awareness of the impact that rising carbon emissions may have on the 
habitability of various parts of the world. As a result, there is a growing focus on replacing 
carbon intensive power production with renewable energy as a method to reduce carbon 
emissions and the effects of climate change. This shift in power production has previously been 
driven by government intervention and policy in the form of subsidies, with the aim of boosting 
the renewable energy market and encouraging widespread use of the technology. By doing so, 
it is expected that the global price of renewable power generation will drop to allow countries 
to easily substitute carbon-intensive power generation with renewable energy. 
Over the last few decades, most of the research and government aid has been in developed 
countries, with the aim of making renewable energy production more efficient and 
economically competitive. However, the growing demand for energy in the future will not 
originate in developed countries, but will stem from the growing populations and energy 
demands of developing and underdeveloped nations. Many of these nations have a high number 
of people without access to electricity and are lacking a robust electricity grid. Developed 
countries are more able to adopt more renewable power generation due to their existing 
infrastructure and suitable power distribution network. In contrast, developing and 
underdeveloped nations may not have these technologies or the economic ability to fund 
widespread renewable energy, which is likely to result in the adoption of cheaper carbon-
emitting power generation.  
There is an underlying assumption that subsidies in developed nations will allow renewable 
energy to replace fossil fuels in developing nations, therefore providing an effective way to 
combat carbon emissions. If this assumption is false, then a large portion of the subsidies given 
to renewable power generation may have little effect on future carbon emissions. This thesis 
aims to explore the suitability of this assumption and the possible ramifications on global 
carbon emissions. 
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1.1 THESIS OBJECTIVES  
The following list outlines the objectives of this thesis: 
• Investigate the trends in the electricity generation industry and the impact they have 
had on global carbon emissions. 
• Identify the role of renewable energy in the reduction of carbon emissions. 
• Identify the extent of renewable energy subsidy spending by exploring the subsidies of 
different regions, highlighting any trends in spending and the impact this may have on 
carbon emissions. 
• Highlight how the renewable sector has developed due to subsidy spending. Can the 
subsidies be considered effective and what are the implications for carbon emissions? 
• Identify the sources of future carbon emissions in the power generation industry by 
exploring the future energy demand and energy policies of different nations. Does 
renewable energy play a large enough part to warrant the success of its subsidies? 
• What government drivers may benefit or hinder the effectiveness of renewable energy 
subsidies at promoting the use of renewable energy over fossil fuels? 
• Considering the sources of future carbon emissions, their energy policy drivers and 
future energy plans, have renewable energy subsidies been effective at combating 
carbon emissions? Are there other, more effective ways of reducing carbon emissions? 
1.2 SCOPE OF STUDY 
This study will focus on the power generation sector and its emission trends and renewable 
energy policies. Nations are grouped according to level of development as per the following: 
• Developed nations: This refers to the majority of the European Union, North America 
and Oceania. Most are a part of the Organisation for Economic Co-operation and 
Development (OECD). 
• Developing nations: This refers to most of the developing world, including China, 
India, and the rest of Asia. 
• Underdeveloped nations:  This refers to most of the African nations, particularly sub-
Saharan nations. 
This study will focus on trends surrounding power generation and consumption through the 
electricity grid. This does not include transport emissions, industrial processes emissions 
(unrelated to power generation) and agriculture.  
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1.2.1 Definitions 
The term ‘Renewable Energy’ encompasses technologies that harness an inexhaustible 
resource to generate power [1, 2]. For the purposes of this study, renewable energy technology 
includes solar photovoltaics (PV), concentrating solar thermal power (CSP), offshore and 
onshore wind, biofuel/diesel, hydropower (including ocean power), and geothermal.  
According to the World Economic Forum and the IEA, a general description of a subsidy is 
“any government action that lowers the cost of energy production, raises the revenues of energy 
producers, or lowers the price paid by energy consumers” [3, 4]. This includes direct payments 
to renewable energy sectors, tax breaks, tariffs, provision of services, taxing negative 
externalities (carbon emissions) etc. Subsidies can be broadly categorised into two types: Feed-
in tariffs (FIT) and renewable portfolio standards (RPS) [5, 6]. FITs commonly occur in the 
form of direct subsidies whereas RPS are more policy driven and normally occur in the form 
of quotas. Quantifying subsidies is difficult without a narrow definition and frequently vary 
between sources of data. Unless otherwise noted, the general definition will be used to capture 
all the different and broad types of energy subsidies that affect the renewable energy sector. 
A large portion of the data and energy statistics are obtained from the International Energy 
Agency (IEA). In response to the recent Paris agreement, they have developed the following 
scenarios: 
1. Current Policies Scenario: Includes all energy policy supported and implemented 
before mid-2016, with no allowance for new policies.  
2. New Policies Scenario: Reflects how governments and organisations see the 
development of their energy policy until 2040. This includes existing policies as well 
as policies that have been announced or planned but not yet implemented. 
3. 450 Scenario: Reflects a possible policy environment that will limit the average global 
temperature increase in 2100 to below 2 °C above pre-industrial levels. 
 This thesis will focus on the New Policies Scenario because it closely represents the future of 
global energy policy. 
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2 BACKGROUND 
Electricity is a key component of modern society and currently makes up one fifth of total 
global energy consumption. This proportion has been steadily rising alongside incomes in 
developing nations, resulting in increased demand for electrical appliances to provide heating, 
cooling, lighting, and digital services [1]. As the world’s demand for electricity increases, the 
power generation sector grows to meet these needs. Fossil fuels provide cheap and reliable 
energy at the cost of high carbon emissions. Renewable energies like solar and wind provide 
clean energy at the cost of intermittency. In response to the threat of climate change, many 
nations have begun subsiding renewable energy to encourage their use. The following section 
provides some insight into electricity generation trends, its resulting carbon emissions, and how 
renewable energy can help. 
2.1 TYPES OF ELECTRICITY GENERATION 
Electricity generation can be broadly categorised into three groups:  
Fossil Fuels: Generally defined as a naturally occurring hydrocarbon and includes oil, coal, 
and natural gas. Typically, the fuel is burnt to generate steam to power a turbine and produce 
electricity. Fossil fuels release carbon dioxide and other greenhouse gases, negatively 
impacting the earth’s climate. 
Nuclear: Energy harnessed by the splitting of atoms in a process called fission. This energy is 
harnessed as heat and is used to generate steam to power a turbine. Although nuclear power 
generates almost no greenhouse gases, it generates radioactive waste that must be properly 
disposed of to avoid impacting people’s health. 
Renewable Energy: Harnessing an inexhaustible energy source to generate power. This 
includes wind, solar, geothermal, hydropower, and biofuel/diesel. Renewable energy is the 
newest form of energy and produces almost no carbon or greenhouse gas emissions during 
operation, making it an appropriate technology in the fight against climate change. 
The purpose of this thesis is to investigate the effect renewable energy subsidies have had on 
the renewable energy sector and carbon emissions. Therefore, the two relevant energy groups 
are fossil fuels and renewable energy. Nuclear will not be considered because it has its own 
policies and is not a popular substitute for fossil fuels due its current social and political 
perception.  
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2.2 TRENDS IN ELECTRICITY GENERATION 
The use of fossil fuels and electricity started becoming widespread during the 20th century. At 
the start of the 1900s, the use of electricity was limited to wealthier consumers and used in 
inefficient processes like coal stoves and steam locomotives. In 1900, less than 2% of the global 
fossil fuel output was converted into electricity [7]. Industrialisation and improved electricity 
generation resulted in the growth of fossil fuel consumption, leading to an electricity market 
that is dominated by fossil fuels, as shown in Figure 1 [8]. Fossil fuels made up approximately 
two thirds of global electricity production in 2015, with coal alone accounting for 39.3%. Large 
scale hydro accounted for 16% of global electricity production, with other renewables 
contributing 7.1% [9]. Although fossil fuels are still rising, renewable energy has also shown 
significant growth since the early 2000’s, coinciding with the increase in renewable energy 
subsidies [1].  
Figure 1: World Electricity Production by Source from 1973 to 2013 
 
In the past, most of the world’s electricity generation occurred in the developed nations 
(OECD), accounting for approximately 72.8% of the electricity generated in 1971. Since 2010, 
developing and underdeveloped nations (non-OECD) have overtaken the developed nations to 
become the largest electricity producers in 2015 (See Figure 2 [9]). This can be attributed to 
massive growth in Asia, growing from only 5.5% in 1971 to 35% in 2015, with China alone 
accounting for 24% of growth [10]. Although they are forecasted to continue growing in the 
near future, the global growth in electricity generation has slowed to 1.5% compared to the 
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growth rate during the years 1990-2012 [1]. This can be attributed to the levelling out of 
electricity production in developed countries due to their shrinking industrial sectors and use 
of more efficient technology; this also has the added benefit of reduced energy intensities 
across all sectors [11]. However, the demand for electricity in developing nations, especially 
China and Asia as a whole, has been increasing and is expected to continue increasing as 
countries like India further grow their economies and increase urbanisation [1].  
Figure 2: Total Gross Electricity Production  
 
Although the world’s electricity industry is still heavily reliant on fossil, renewable energy is 
showing stable growth in response to increased subsidies. Additionally, there has been a shift 
in electricity production from developed nations to developing nations.  
2.3 TRENDS IN CARBON EMISSIONS 
It is widely accepted that human activities have resulted in increased carbon emissions, which 
is considered one of the biggest contributors to climate change [12]. Before the industrial 
revolution, global annual carbon emissions were near zero. But since then, carbon emissions 
due to the combustion of fossil fuels have increased dramatically to reach over 32 gigatons 
(GtCO2) in 2014 [12]. Between the year 2000 and 2010, power generation  accounted for 47% 
of the increase in total annual carbon emissions [13]. This has resulted in power and heating 
accounting for approximately 42% of world carbon emissions in 2014 [12]. 
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Previously, most of the world’s carbon emissions originated in developed nations (Annex-I 
countries). Since 1990, developed nations have seen a slight decline in emissions, whereas 
developing nations (non-Annex I) have almost tripled their emissions to overtake developed 
nations as shown in Figure 3 [12]. Collectively, developing nations account for 58% of global 
emissions, with China accounting for 28%. The second most emitting country is the United 
States, followed by India.  
Figure 3: Regional CO2 emissions trends  
 
GDP growth and carbon emissions have had a very strong link since the industrial revolution 
[1]. In many developing nations, it has been found that the largest driver of carbon emissions 
is GDP per capita growth, followed by population [14]. These countries have poor electricity 
access, and generally consume less electricity than other nations. As time goes on, developing 
nations will continue to grow their populations and economies. If they choose to supply their 
growing electricity demand with cheap and reliable fossil fuels, their carbon emissions will 
increase. The aim of renewable energy subsidies is to try and avoid this by making renewable 
energy more competitive.  
In light of the recent Paris agreement in 2016, new policies have been put in place on a global 
scale to try and reduce the effects of climate change. Based on the New Policies Scheme, it is 
predicted that future carbon emissions will grow at a rate of 0.5% per year; much lower than 
the 2.4% growth since the year 2000. The residual carbon emissions growth is partially due to 
the increase in electricity demand [1]. 
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2.4 RENEWABLE ENERGY TECHNOLOGY 
The heavy use of fossil fuels in the power generation industry is the largest contributor to 
carbon emissions in recent times. As populations grow, the demand for power increases which 
in turn stimulates the growth of power generating industries. Over the last 30 years, the majority 
of the world’s new power generating capacity used fossil fuels [15, 16]. If carbon-intensive 
power industries continue to grow, the severity of climate change impacts will increase. In 
response, nations around the world have invested resources into developing renewable energy 
technology as carbon free power source to combat rising emissions. Developed nations have 
been subsidising and developing this technology with the aim of making it accessible for 
developing nations; hopefully as a replacement for fossil fuels. 
Although renewable energy has lifecycle carbon emissions, particularly during the construction 
and development stage, they produce almost no emissions during operation. Compared to fossil 
fuel sources, their lifetime emissions are almost negligible [17]. However, the big barriers to 
large-scale deployment of renewable technologies are their relatively higher cost and variable 
power generation. As a result, developing nations may not have the money to develop them or 
have a grid that is robust enough to handle their intermittency. Additionally, a large portion of 
the population in developing and underdeveloped nations have limited or no access to 
electricity [18], making power availability a higher priority than environmental sustainability. 
This will potentially result in the deployment of more fossil fuel power generation and 
increasing carbon emissions. The impact that these factors have on the growth of renewable 
energy will reflect on the effectiveness of its subsidies. These factors will be explored in more 
detail in the following chapters. 
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3 EFFECT OF SUBSIDIES ON THE RENEWABLE ENERGY 
MARKET 
Supporting the growth of the renewable energy market has become an increasingly common 
trend in recent times. The introduction of the Paris agreement has led to more support for the 
renewable energy industry to combat growing carbon emissions, however different 
governments have promised different goals and priorities. This chapter will discuss subsidy 
spending on renewable energy as well as the impact this has had on the industry.  
3.1 RENEWABLE ENERGY SUBSIDY SPENDING 
The implementation of subsidies varies between nations and technologies depending on 
government priorities and resource availability. Global spending will be looked at first 
followed by some key countries for more discussion.  
The IEA provides estimates on the amount spent on subsidies for renewable electricity 
generation. Their estimate is derived by finding the difference between the sale price of 
electricity in the region and the cost of renewable power generation, and then multiplied by 
total renewable electricity production [19]. Although this does not include quantified indirect 
subsidies (government energy policy, mandates, carbon credits schemes etc.) it is expected that 
any benefit provided by these schemes will be accounted for by decreases in the cost of 
production. This also considers the effect of subsidies or taxes in other industries. For example, 
a fossil fuel subsidy could discourage growth in the renewable energy sector and would result 
in an indirect ‘tax’. It is assumed that a subsidy was paid to all renewable technologies installed 
since the year 2000, and that all renewable technologies installed prior to this were already 
economically competitive or relatively small compared to current installed capacity. Data is 
available for the years 2007-2016 and encompasses 90% of global renewable energy 
generation. Subsidy spending prior to 2007 was very small, and so data was not collected. 
Large hydro is not considered in their estimate due to the mature state of the technology. 
It should be noted that the IEA estimate is a very conservative value. The price gap method is 
useful for processing large amounts of data, but is sensitive to policies that do not affect end 
consumer prices [20]. Subsidies spent upstream from the consumer are likely higher than 
estimated, and so actual total subsidy spending could be higher than the calculated value. 
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As can be seen in Figure 4 [1], there has been a quick and steady increase in RE subsidies. 
Spending is estimated at $120 billion USD in 2015, rising from about $60 billion USD in 2007. 
Subsidies in the solar PV sector quickly rose to take the majority of total subsidy spending at 
50%, followed by wind energy at 30%. In contrast, bioenergy has remained relatively constant 
at 17% [1]. Other renewables refer to tidal/ocean power, geothermal, and some biomass 
technologies. It should be noted that the vertical axis refers to total spending, and not spending 
per unit of electricity produced. Naturally as a result, the large growing RE industries like solar 
and wind will show higher total subsidy spending compared to smaller industries like 
tidal/ocean power. The resulting growth and installed capacity of various renewable 
technologies will be explored in later sections. 
Figure 4: Renewables Based Electricity Support  
 
The greatest increase in subsidy spending came from Japan, India, China and the US. Although 
global renewable energy deployment has greatly increased, subsidy spending is concentrated 
in a few countries. Approximately two thirds of the spending occurred in Germany, USA, 
China, Italy and Japan. Additional spending also occurred in the UK, Spain, France, India and 
Belgium. Due to the large number of European countries in the top-ten spenders, the EU alone 
accounts for about 52% of total subsidy spending in 2015. However, this has been steadily 
decreasing due to a weakening of the euro against the USD [1].  
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Future subsidy spending based on the New Polices Scenario is expected to peak in 2030 at 
about $210 billion USD. Cumulatively, approximately two third of these subsidies will be spent 
in the solar PV and wind industry. As solar and wind energy develop and mature, subsidy 
spending is expected to fall as we approach 2040, with increased shares going into bioenergy 
instead.  
To gain a better understanding of the reasons behind these values, the following regions will 
be looked at in more detail; Europe, China and India. Europe is currently the largest provider 
of subsidies; however, their subsidy spending has been steadily decreasing. In contrast, China 
has massively grown its solar PV industry and begun increasing its subsidy spending. Although 
India is not a large subsidy spender, India is expected to grow its renewable energy industry 
and has recently put a large focus on solar PV [1]. 
3.1.1 Region Specific: Europe 
Almost all of the EU nations have some form of renewable energy policy targeting power 
generation, including a mixture of FIT (Feed in Tariff) and RPS (Renewable Portfolio 
Standards) [1, 21]. Currently, the most common form of renewable energy policy is the FIT. 
Many European nations also have nationwide renewable energy targets that were put in place 
before the recent Paris agreements. As a result, many of the mature renewable technology 
markets began and grew in developed nations due to their long history with renewable energy 
policy.  
In 1998, Germany introduced the Erneuerbare Energies Gesetz (EEG) which acts as an FIT. It 
requires distribution network operators to buy all electricity produced by renewable generators 
at a pre-determined rate. Typically, this is then sold to the transmission network operators to 
distribute all around the country, resulting in an equally distributed cost [22]. In the four years 
after the implementation of the EEG, the amount of electricity produced by renewables tripled 
and was expected to continue growing [22], reflecting the benefits of the subsidy. Germany’s 
electricity market now consists of 32.6% renewables and has one of the highest shares of 
renewables per capita, alongside Sweden, Denmark, Spain and Portugal [23].   
The United Kingdom introduced a Renewables Obligation (RO) in 2002 to target large scale 
renewable power generation [24]. The scheme will continue providing subsidies to approved 
projects until 2037, however in March 2017 the scheme was closed to any new large scale 
renewable projects. This scheme is similar to the Renewable Energy Target (RET) deployed in 
Australia in 2011. It requires that electricity suppliers purchase a certain amount of electricity 
12 
 
from renewable sources. This is done by giving renewable power plants tradeable renewable 
obligation certificates (ROC). These are purchased by electricity suppliers as proof that a 
portion of their electricity is renewably sourced. When the scheme was first introduced, the RO 
requirement was 3% [22, 25]; as of 2016/2017, the RO requirement is now 15.4% and is 
intended to stay at this value until the end of the scheme in 2037 [22, 26]. As of 2015, the 
number of issued ROCs was equivalent to 23.4% of the UKs total electricity supply. 
Comparing the trends in Figure 5 [27], the renewable energy sector has grown steadily from 
4% in 2004 to 25% in 2015, following the RO trend. This resulted in an offset of 33.7 million 
tonnes of CO2 emissions in 2015, 14.4% more than the previous year [28].  
Figure 5: Growth in Renewable Electricity Generation in the UK  
 
Although Europe has shown historical strength in its renewable energy policies, many of the 
old policies are now beginning to expire. There are also fewer new policies being implemented 
due to the relative maturity of the renewable technologies. Additionally, the large amount of 
subsidies has driven up consumer electricity prices, resulting in political tensions and the 
reduction of key subsidies in countries like Germany and Spain [29].  
The Spanish government aimed to encourage investment in the solar PV industry by offering 
to buy solar power at 12 times the price of electricity.  However, the economic downturn and 
huge subsidy costs due to the massive influx of solar projects forced Spain to cut the subsidy. 
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This left many people unable to pay back their initial investment and has reduced the 
willingness of the public to invest in renewable energy [30]. 
Due to aging subsidy schemes and high costs, Europe made significant changes to their 
renewable energy schemes in the year 2015 by shifting from FIT to renewable energy tenders. 
As an example, Germany has removed the FITs for large scale or mature solar PV projects and 
replaced them with tender schemes. Similarly, France and Poland have introduced renewable 
energy tendering for large renewable energy projects. In 2015, the UK and Ukraine also 
reduced their FITs [23]. The introduction of tendering schemes indicates the maturity and 
increased competitiveness of certain renewable energy technologies in developed countries [1]. 
Tendering schemes are less costly and promotes private sector investment, which provides a 
large amount of non-government funds to further the growth of the RE sector [31]. Europe is 
a good example that showcases the potential that renewable energy subsidies have to grow the 
industry. 
3.1.2 Region Specific: China 
Previously, developed countries have been the majority spenders of renewable energy 
subsidies. However, due to the rising concerns regarding air pollution in China and its 
economic and social costs, China has also begun moving towards supporting renewable 
energies [32]. They have steadily increased their renewable subsidy spending in the last decade 
through heavy investment in the solar PV sector. As a result, they are now leading the growth 
in renewable energy base power generation and currently have plans to increase their solar and 
wind capacity by 30-50 GW and their CSP by 10 GW [1].  
In 2005, China enacted the Renewable Energy Law, which is made up of major subsidy policies 
aimed at growing renewable energy sources [33] and includes a national renewable energy 
capacity requirement of 10% by 2020 [34]. This has since been amended to a 20% target by 
2020. The law offers financial incentives to foster renewable energy research and development, 
tax cuts, and lending aid to renewable energy companies. In particular, it required that all 
energy produced from renewable sources must be purchased by state grid enterprises at the 
price set by the government [35]. This has since been amended in 2009 to put more focus on 
renewable energy by making the grid enterprises liable if they fail to purchase all of the 
produced electricity [36]. Together, the policies aim at promoting the growth of renewable 
energy power generation [34]. 
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Currently, China is investigating possible reformations to their subsidy schemes, in particular 
reforming their fossil fuel subsidies [37, 38]. Although the fossil fuel subsidy is not directly 
linked to the effectiveness of RE subsidies, they have the effect of making fossil fuels more 
competitive. This makes it more difficult for the renewable energy sector to develop. Although 
no decisions have been made yet, nine current fossil fuel support policies have been identified 
as inefficient. The identification of these is a key step in one day reducing the fossil fuel 
subsidies. However, the reform and potential reduction of these subsidies will have large 
impacts on the social and economic structure of China. This includes estimated drops in GDP 
and employment rates of 4% if the subsidies are cut immediately. Even incrementally dropping 
the subsidies by 10% will result in drops in GDP and employment [39].  
3.1.3 Region Specific: India 
India first began developing renewable energy policies to improve their energy security in 
response to the oil crisis in the 1970s [40]. Early government plans focused on subsidising 
research and development of their main sources of renewable energy: wind, solar, small hydro 
and biomass. The growth of the renewable sector was slow and only resulted in 3% renewable 
power generation by 2001 [40]. As the threat of climate change began to gain more political 
sway, India began to put in place more rigorous renewable energy schemes. This included a 
mix of FITs and RPSs (similar to the RO and the EEG in Europe) aimed at expanding the 
renewable sector to ensure that India’s per capita emissions would not exceed those of 
developed nations [40]. Currently, they emit less carbon dioxide per capita for electricity 
production than developed nations [14]. However, their carbon intensity of power production 
(amount of carbon produced per unit of electricity generated) is currently the highest and is 
expected to continue until 2040 [1]. The current target is 15% renewable electricity generation 
by 2020 [41], which was met in 2016 [42]. It should be noted that although India aims to keep 
their per capita emissions below those of developed nations, developed nations have some of 
the highest emissions per capita [14]. Therefore, meeting their goal may still have adverse 
effects on global carbon emissions. 
In 2010, India launched the National Solar Mission which aims to make solar power technically 
and economically equal to coal-based thermal power by 2020 and grid equal by 2030 [40]. 
Solar is believed to be significant in ensuring that per capita emissions remain at acceptable 
levels due to its zero-emissions energy production. To achieve this, the government has 
introduced fiscal incentives, subsidies and generation based incentives.  
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A large segment of renewable energy growth in India can be attributed to non-financial 
instruments. Additionally, there is a large skilled workforce available as well as sufficient 
natural resources, namely wind and solar insolation. As a result, renewable energy is typically 
cheaper than in other developed nations [41]. 
3.1.4 In Conclusion 
The decline in renewable energy subsidies in developed countries can be attributed to their 
already strong renewable industry. A dropping subsidy alongside renewable energy targets 
indicates a maturing market, and although political tensions have resulted in fewer new 
subsidies and the cancellation of existing ones, the technology is already integrated into many 
European countries. Developing countries are also beginning to implement their own 
renewable energy subsidies, which are likely to continue growing as climate change becomes 
a larger priority for them. However, many of these schemes are still small and recent. If past 
renewable energy subsidies are to have an impact on future global carbon emissions, they need 
to have led to the development of renewable energy to replace fossil fuelled power generation. 
Renewable energy has to be competitive enough to drive developing nations (the biggest 
electricity producers) to choose renewables over fossil fuels. If developed nations have begun 
to reduce their subsidies, does this indicate that the technology is mature enough? Alternatively, 
they may only be developed enough to use alongside fossil fuels instead of as a fossil fuel 
replacement. This is a situation commonly found among developed nations (with a few 
exceptions including Canada, Austria, and Sweden, who are heavily reliant on large scale hydro 
instead). If renewable technology is not competitive enough to replace fossil fuels as a first 
option, then future carbon emissions are likely to remain high, indicating at inefficiencies in 
the ability of renewable energy subsidies to reduce carbon emissions. 
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3.2 RENEWABLE ENERGY SECTOR GROWTH 
With reference to Figure 6 obtained from the Renewables 2016 Global Status Report [23], the 
renewable energy sector began to show significant signs of investment around the year 2005. 
This can be linked to the increased support provided by governments in the form of subsidies. 
This does not include investment in large hydropower projects greater than 50MW due to the 
already mature state of the technology. Initially, most of the growth occurred in developed 
nations; namely Germany, Italy, and Japan, with peak growth occurring in 2011 [23]. However, 
recently, developing nations including China have surpassed the investment of developed 
nations. Together, developed nations and China account for the majority of renewable energy 
production and growth [43].  
The majority of the investment over the last few years have occurred in the solar PV industry, 
accounting for more than 56% of total new investment in renewable technologies in 2015 [23]. 
This was followed by wind power at 38.3% with the remaining being made up of biomass and 
biofuels, waste to energy, small-scale hydro, geothermal and ocean energy [23]. Some 
investment was also put into CSP along with solar PV. Due to the majority investment in solar 
PV and wind, these two technologies will be focused on. 
  
Figure 6: Global New Investment in Renewable Power and Fuels 
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For PV technology, Asia makes up just over 60% of the current market due to China’s 
contribution. In contrast, many European countries who were previously large installers of 
solar made little to no investment in 2015 [23]. The level of investment in the renewable 
technology sector can be linked to the growth of each industry, as indicated in Figure 7 by 
IRENA [44]. It should be noted that this is installed capacity, and not energy production. 
Renewable energies, especially wind and solar PV, have low capacity factors and produce less 
electricity per megawatt (MW) installed. As an example, a 1 MW solar PV plant can only 
produce approximately 0.27 MW on average throughout the year, compared to a coal power 
plant of the same size producing 0.5 MW (Capacity factor is calculated as the arithmetic 
average of monthly capacity factors [45, 46]). This means that you need more megawatts of 
solar power than coal power to produce the same amount of electricity. Although the renewable 
energy sector has grown, the largest contributor is still large-scale hydropower, even though 
most of the subsidy spending and investment was put into solar PV and wind. Most of the large-
scale hydropower was built before 2000 and received very little in the way of subsidies. 
Figure 7: Growth of world renewables installed capacity from 2000 to 2015  
 
Considering subsidy spending, investment and technology growth, there seems to be a gradual 
shift from developed nations to developing nations. European countries are beginning to reduce 
their subsidy spending and have experienced decreasing investment. Developing nations like 
China, India and Brazil are beginning to increase their subsidy spending and have now risen to 
become some of the biggest renewable energy markets. Globally, technology specific growth 
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rates are on the rise alongside their subsidy spending and investment. Government intervention 
in the form of policies and subsides have been shown to greatly influence the energy market 
[20], and technology specific intervention has shown increased growth for each respective 
industry. As such, it is unlikely that the renewable energy sector would have grown this quickly 
without the aid of subsidies. 
Although the individual renewable industries have grown substantially over the years, the total 
world electricity production of these renewable technologies is still relatively small at only 
4.9% (excluding large hydro) [23]. However, the cost and accessibility of renewable 
technologies (especially solar PV and wind) has improved drastically. With reference to Figure 
8 [44], solar PV and wind (onshore and offshore) can both be economically competitive with 
fossil fuels. This is helpful in promoting the use of renewables over fossil fuels. 
Solar PV still suffers from a large range of levelised costs of electricity (LCOE), however the 
LCOE of onshore wind is comparative with fossil fuels. Although they are becoming more 
competitive, the main drawback of solar and wind is its variability and reliance on the 
environment. Certain countries and regions may not have adequate sun insolation or high wind 
speeds, and even those that do cannot guarantee that the sun will always shine or that the wind 
always blow. Although fossil fuels are derived from natural resources, there are large global 
trade networks that provide access to these resources, making fossil fuels a much more flexible 
and reliable option. 
Figure 8: Levelised cost of electricity for utility-scale power (ranges and averages), 2010 and 
2016 
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It is hoped that these reductions in LCOE will make renewables more accessible for developing 
nations. Although, they will likely still require subsidies and government aid due to the 
prevalence of fossil fuels; it is difficult to penetrate the energy market with large and proven 
competitors. As such, developing nations will still have to employ subsidies and energy policy, 
which may not be economically possible. However, one of the benefits of a maturing 
technology is its ability to function without subsidies. This is another way in which subsidies 
can help promote future renewable energy growth and reduce carbon emissions; by developing 
the renewable sector, it will require fewer subsidies in the future, making it more accessible to 
nations that are economically struggling. It is estimated in Figure 9 [1] that the average subsidy 
rate for solar PV and wind will drop drastically in the next few decades, indicating their 
maturity. This can also be aided by the removal of fossil fuel subsidies to make them less 
competitive. 
Figure 9: Estimated average subsidy rate for new solar PV and wind power plants 
 
Together with the strong past growth of solar and wind, the renewable energy sector has grown 
very quickly in the last decade. However, the sector is still very small and very much reliant 
on its strong hydropower capacity (most of which was installed before the year 2000). Most of 
the subsidy spending has gone into solar PV and wind, and has resulted in only 4.9% of 
renewable energy in global electricity production. 
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3.2.1 Renewable Energy Production by Country 
The fast growth of the renewable energy market can be linked to subsidy expenditure by a few 
key nations, resulting in increased renewable energy use. However, this is not uniform across 
all nations. Globally, renewable energy can supply approximately 23.7% of global electricity 
production, with large scale hydropower providing about 16.6%. Excluding hydropower, wind 
accounts for 3.7% and solar PV for 1.2%. Together, they make up two thirds of the remaining 
electricity generation, with bioenergy, geothermal, ocean, and CSP making up the remaining 
2.4% [23]. When large scale hydropower is not included, the supply of electricity that comes 
from wind and solar is very small. When comparing renewable energy subsidy spending and 
renewable energy growth, large scale hydropower is not considered as it has received very little 
subsidy spending since 2000. Instead, wind and solar PV will be used as they make up most of 
the remaining renewable technologies. Looking at Figure 10 (created using data from Enerdata 
[42]), we can see that it is the developed nations (particularly the EU) that have the highest 
percentage production of wind and solar PV electricity, with China and India now approaching 
the global average.  
Figure 10: Share of Wind and Solar in Electricity Production  
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Although the EU has the highest wind and solar PV penetration, their total electricity 
consumption is low when compared to other nations like China. This can be seen in Figure 11 
[42, 47, 48], which compares total electricity production and renewable energy production (For 
maps showcasing these statistics, see Appendix 1). 
0 
Although China is currently the largest investor in solar PV, as well as the one of the largest 
installers of solar PV [23], their share of wind and solar in electricity production is 
comparatively low at 5.4%. Globally, they are leading the installation of solar PV and wind 
power; however locally, more coal power generation was added last year than solar PV or wind. 
China is still very reliant on coal, which makes up more than 65% of their electricity production 
[49]. A similar situation is found in the US, which is a large consumer of electricity that 
produces only 7.1% of their electricity from wind and solar; two thirds of their electricity 
production originate from coal and natural gas [50]. Most of the nations with high percentages 
of wind and solar are developed nations with low electricity consumption. When large hydro 
is included, the share of renewables increases greatly. Most of these large hydro projects 
received very little in the way of subsidies and are concentrated in countries that have large 
natural supplies of hydropower and consume very little electricity (except for Brazil and 
Canada). However, even the inclusion of large hydropower does little to bridge the gap between 
electricity production and renewable energy production. Most of the renewable energy is 
concentrated in developed nations with low electricity production; their renewable energy 
Electricity 
Production (TWh) 
% of Wind and Solar in 
Electricity Production 
% of Renewables in Electricity 
Production (including large 
hydro) 
Figure 11: Comparison of total electricity and renewable power generation 2016  
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deployment has little impact on curbing global emissions from electricity production. In 
addition to this, the world’s future electricity demand will not originate from developed nations. 
It will originate from developing nations as they expand their electricity network and provide 
widespread basic electricity access. Increased subsidy spending and the resulting growth of 
renewables have so far been focused in developed nations, with the assumption that developing 
nations can also increase their use of renewables due to the lower costs. However, this doesn’t 
seem to be the case as fossil fuels are still very dominant in developing nations. If this trend 
continues, then the renewable energy subsidies spent by developed nations will have little 
impact on the growing emissions of developing nations as they continue to employ more fossil 
fuels. The next chapter will explore the future of electricity production and how this may impact 
carbon emissions. 
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4 THE FUTURE OF ELECTRICITY PRODUCTION  
As the world continues to develop, more and more people will be connecting to the grid and 
using electrical goods. This is especially true for developing nations with growing populations 
and rising incomes. Globally, the growth of electricity demand is rising at 1.5% per annum, 
which is lower when compared to the average 3% growth during the years 1990-2012 [1]. 
However, even this low growth rate will cause installed power generating capacity to double 
in 50 years. Renewable energy subsidies have been used to bring down the cost of production 
and make them more accessible. However, this raises the question as to whether they have been 
effective enough to allow for renewables to replace fossil fuels in the future. With electricity 
production slowing down but still increasing, the choice of future electricity generation will 
have a large impact on carbon emissions; therefore, it is important to understand where the 
source of this demand is and how it may be met.  
4.1 FUTURE ELECTRICITY DEMAND 
The World Energy Outlook’s definition of electricity access focuses on two aspects: a 
minimum level of electricity supply to a household and access to safe cooking facilities. A 
household is assumed to have five people. The minimum electricity supplied to households is 
different between rural and urban areas. The requirements of basic electricity access by the 
IEA are outlined in Table 1 [51]: 
Table 1: Definition of Basic Electricity Access by the IEA  
 Annual Electricity 
Consumption 
Description 
Safe Cooking 
Facilities 
Rural 
households 
250kWh 
Can provide use of a floor 
fan, mobile telephone and 
two compact fluorescent 
lightbulbs for five hours 
daily. 
Can be used without 
any harm to health. 
Mostly refers to 
biogas, LPG stoves, 
and improved 
biomass stoves that 
produce much lower 
emissions than 
traditional biomass 
stoves.  
Urban 
households 
500kWh 
In addition to rural household 
items; efficient refrigerator, 
another mobile telephone and 
an electrical appliance like a 
small TV or computer. 
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Based on this definition, an estimated 16% (or 1.2 billion) of the world’s population did not 
have basic access to electricity in 2014, which is similar to the situation in 2016. Most of these 
people reside in sub Saharan Africa and India, each accounting for 53% and 20% respectively 
[52].  
According to the New Policies Scenario, it is expected that the world’s electricity consumption 
will rise by approximately 67% by 2040 [1].  Approximately 87% of this will originate in 
developing and underdeveloped countries, as shown in Figure 12 [1], with China, India and 
other parts of Asia contributing the most. See Appendix 2 for information.  
Figure 12: Electricity Demand by Region and Scenario  
 
Although China is expected to grow its electricity demand at a quarter of the rate seen in the 
past decade, it will still account for a third of the global incremental demand increase until 
2040. This will maintain their place as the world’s largest consumer of electricity, double the 
consumption of the United States, who are expected to be the next largest consumer. India’s 
electricity demand is expected to triple due to rapid urbanisation and electrification, 
contributing an expected 18% of future electricity demand. Power consumption in Africa is 
also expected to grow steadily, accounting for 8% of future growth, however average 
consumption per capita in Africa will remain relatively low even in 2040 [1]. Southeast Asia 
is expected to contribute approximately 9%, similar to the contribution by Africa. 
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Although the increasing electrification rate is a contributor to future electricity demand, the 
other main source of demand is rising incomes in developing nations. This results in greater 
demand for electrical consumer goods to match those in developed nations. This can be seen 
in the energy access projections in Figure 13 [53].  
Figure 13: Population without access to modern energy services in the New Policies Scenario 
(million people) 
 
China has a population with full access to electricity, however they are the largest contributor 
to electricity demand growth. India and most of developing Asia are expected to provide 
electricity access to most of their people by 2040, and as such are the second largest contributor 
to electricity demand growth. In addition to energy access, the electricity consumption per 
capita is expected to increase as they continue to develop. Africa will still be energy poor in 
2040 however, and therefore are relatively small contributors to electricity demand growth 
(when compared to India and China) as they focus on alleviating energy poverty. As Africa 
continues to develop after the year 2040, it is not unlikely that they will follow a path similar 
to most other developing nations; after providing energy access to everyone, incomes can be 
expected to rise, and with it, the demand for electricity [53]. 
The trend in electricity production shows a shift from developed to developing nations, similar 
to the trend seen in subsidy spending. Developed nations have begun to level out their 
electricity production and have experienced a small negative annual growth since 2010 [8]. In 
contrast, developing and underdeveloped are continuing to grow their electricity production, 
overtaking the developed nations in 2011 [8]. When coupled with the expected growth in the 
demand of electricity for nations such as China and India, it is obvious that the source of most 
of the world’s new future electricity generation will originate in developing nations. This also 
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correlates with the rising carbon emissions of developing nations as most of this energy 
production is heavily reliant on fossil fuels. For renewable energy subsidies to be effective at 
combating global carbon emissions, there will have to be a strong focus on reducing carbon 
emissions using renewable energy. This includes meeting the future demand of developing 
nations with renewables, as well as continuing to decarbonise electricity generation in 
developed nations. However, it will be difficult to achieving this considering the growing 
economies and populations of developing nations. Additionally, many developing nations have 
problems with energy poverty, low income and a weak electrical grid. 
4.2 ELECTRICITY PRODUCTION AND EMISSIONS 
To deepen the understanding of how future electricity generation and carbon emissions are 
linked, China, India, Southeast Asia and Africa will be looked at as case studies. Have 
renewable energy subsidies had a big enough impact to justify their use instead of fossil fuels? 
This question can be explored by looking at the electricity makeup, future electricity generation 
projects, and climate change goals of China and India. It is also important to explore different 
carbon emission measures and the implications this has on our perception of effective carbon 
emission reductions. 
4.2.1 Case Study: China 
China’s fast economic development and growth has been supported by the heavy use of fossil 
fuels [32]. Although they are currently world leaders in the installation of renewable energy, 
fossil fuels (in particular coal) still makes up most of their electricity production as seen in 
Figure 14 [49].  
Figure 14: China’s Electricity Production Mix 2016 (TWh) 
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There has been increasing awareness among the Chinese population of the negative impacts of 
climate change and air pollution. Dense smog covering entire cities has raised health concerns 
and resulted in cancelled flights, school closures and red alert pollution days [54]. As a result, 
there has been a bigger push by the government to try and reduce the health and environmental 
risks by controlling their emissions. This gave rise to China’s first Renewable Energy Law in 
2005, which aimed to promote the growth of renewable energy, protect the environment, and 
support sustainable electricity growth. In more recent times, the Paris Agreement has resulted 
in the following Nationally Determined Contributions (NDC) from China [55]: 
• To peak carbon dioxide emissions by 2030, with efforts to do so earlier. 
• To reduce carbon dioxide intensity (per unit of GDP) by 60-65% from 2005 levels. 
• Supply 20% of their primary energy supply using non-fossil fuels by 2020 (this value 
includes the use of petroleum and fuels as is not limited to electricity production). 
Alongside their Renewable Energy Law, China’s 13th Five Year Plan (FYP), running from 
2016 to 2020, will provide a path to hopefully meeting these goals by including the installation 
of renewable electricity generation as outlined in Table 2 [56, 57]. 
Table 2: China’s Renewable Energy Targets based on 13th FYP  
Generation Type 
2015 Actual Levels 
(installed Capacity) 
13th FYP 2020 Targets 
(installed Capacity) 
Wind 129 GW 210 GW 
Solar 43 GW 115 GW 
Hydro 320 GW 380 GW 
Nuclear 26 GW 58 GW 
  
Currently, approximately 24% of China’s electricity is produced using renewables. However, 
19% is large scale hydro, which has been mostly unaffected by renewable energy subsidies. 
And although China’s climate goals are very promising, they still only cover one fifth of 
electricity production. Considering that they are currently the largest consumers of electricity 
(and will continue to be), they’re high use of fossil fuels does not bode well for future total 
carbon emissions. They are also continuing to install coal powered electricity generation. 
Although 2017 is their lowest year for megawatts of newly installed coal power plants, they 
are still the world’s leading installers of coal power plants [58]. In addition to installing coal 
power plants locally, they are also installing in foreign countries (including, but not limited to, 
the Middle East, Egypt, Vietnam and Malawi), potentially accounting for nearly half of new 
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coal generation for the next decade [59]. This indicates that many nations, particularly 
developing nations, are making the choice to employ coal as a power source, further supporting 
the importance of their energy policy in the effort to reduce carbon emissions. The choice of 
fossil fuels instead of renewables also indicates that RE subsidies have not had a big enough 
impact.   
Although China’s total carbon emissions are currently the highest in the world, this is largely 
influenced by the sheer size of their economy and population. It is likely that China will always 
remain the largest carbon emitter if they maintain their status as one of the largest global 
economies. As such, another important measure of carbon emissions is the carbon emissions 
intensity. When considering only the electricity market, this is a measure of carbon emissions 
per unit of electricity produced. It can also be a measure of total carbon emissions per unit of 
GDP. Currently, they have the second highest carbon intensity in the power sector at, second 
to India at just over 800 gCO2/kWh as seen in Figure 15 [1].  
Figure 15: Carbon Intensity of Electricity Generation by Region for New Policies Scenario  
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Taking into account China’s energy plans and the New Policies Scenario, China is expected to 
reduce their carbon dioxide intensity levels (per unit electricity produced) by almost half in 
2040. However, this still places them above the global average. In addition, this is for the New 
Policies scenario, which does not promise to limit the global temperature rise to 2°C above pre-
industrial levels. The goal of reducing the carbon intensity of their electricity production 
supports their pledge of reducing carbon intensity per unit GDP by 2030; electricity production 
is closely linked to carbon emissions and is a key resource in the growth of GDP. 
When looking at global carbon intensity levels per unit of GDP, China currently ranks seventh. 
Russia has the highest carbon emission intensity, followed by South Africa, Ukraine, 
Kazakhstan, Uzbekistan, and Taiwan [60]. Although China ranks seventh, this is still above 
the world average. The value of GDP is expressed at a constant exchange rate and purchasing 
power parity to avoid the effects of inflation and consider the general prices of consumption. 
It is important to note that this is not limited to carbon emissions generated by the electricity 
industry. Comparing China’s carbon intensities, their per unit electricity intensity is 
approximately 690 gCO2/kWh [1] and their per unit GDP intensity is around 500 gCO2/GDP 
[60]. In contrast, Russia has a per unit electricity intensity lower than China, but a per unit GDP 
intensity of around 720 gCO2/GDP [60]. To effectively reduce global carbon emissions, we 
cannot only consider emissions from electricity production. Renewable energy subsidies are 
only tackling a portion of carbon emission sources.  
There is also an ethical dilemma that can be raised here. Although China does not have the 
highest carbon intensity per unit GDP, they will still be one of the largest total contributors to 
global carbon dioxide emissions. Even if they became efficient and reduced their carbon 
intensity to become one of the lowest, their total emissions will still be significant due to their 
size. Therefore, which metric do we use to fairly compare nations? There is no doubt that China 
is a large player in determining the future of electricity production and emissions, but does this 
mean that they must compensate by working harder than other nations to reduce their 
emissions? Developed nations in the past have boosted their economies with the support of 
fossil fuels, however developing nations trying to achieve similar growth and development are 
expected to move resources away from economic growth into renewable energy support. The 
US alone has contributed 27% to global cumulative carbon emissions from 1850-2011 and the 
EU contributed 25%, whereas China has only contributed 11% [61]. Should it be expected of 
China, and developing nations in general, to focus on reducing their emissions more than their 
economic growth? Although climate change does not care where the emissions originate, these 
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are still important questions to consider given the heavy impact of energy policy on society and 
everyday life. 
Overall, China has progressed very quickly in the last decade to become one of the leaders in 
renewable energy. However, there is still a strong reliance on coal and fossil fuels, which are 
very carbon intensive. In addition to this, although their solar and wind industries have grown 
massively, large scale hydro still makes up most of their renewable energy production, 
highlighting how little impact renewable energy subsidies have had on actual energy 
production. Looking to the future, China will likely continue to increase its share of renewables 
locally. However, it will be difficult to fully remove their reliance on coal due to its economic 
strength and reliability. For such a huge electricity consumer, supplying reliable electricity is 
difficult to do using renewables considering the lack of current energy storage methods. This 
may change as technology improves in the future, however based on the current environment, 
China will likely still be a large carbon emitter.  
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4.2.2 Case Study: India 
India has grown to become one of the largest developing nations. However, they also have an 
estimated 240 million people without basic access to electricity [52]; by 2040, India is 
expecting to reduce this number to zero [53]. As they continue to grow and urbanise they will 
account for almost one fifth of the growth in future electricity consumption until 2040 [1]. As 
such, their electricity consumption both now and in the future, will play a large role in global 
carbon emissions.  
Currently, India is still very heavily reliant on coal as shown in Figure 16 [62, 63]. This is 
followed by large hydro at 10.4% and renewables at 5.6%. India’s development has been 
heavily carried by their use of coal, which is a cheap and reliable energy source. In particular, 
the majority of their existing coal fired power plants are subcritical; they are cheaper than other 
forms of coal fired power but consume more coal and produce more carbon emissions [64]. As 
a result, India has the highest carbon intensity of electricity production than any other nation 
(See Figure 15 on page 28 [1]).  
Figure 16: Electricity Generation in India by Source 2015-2016  
 
Although they are one of the largest electricity consumers (ranking third behind the US for 
total domestic electricity consumption [65]), their per capita electricity consumption is still 
very low [65]. Additionally, they only consume approximately 75% of the power they produce 
[65]. This can be attributed to their large transmissions losses, high own-use requirements at 
power stations, and power theft [64]. As the average household income rises and more people 
connect to the grid, the consumption of electricity per capita is expected to increase alongside 
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its electricity production. As the world’s second most populated country behind China [66], 
global future electricity consumption and carbon emissions will be heavily impacted by their 
choice of electricity sources.  
The introduction of the Paris agreement and an increased awareness of effects of climate 
change has brought about new renewable energy targets for India:  
• Increase renewable energy generation capacity by 175 GW by 2022 [67], including: 
o 100 GW solar PV (with 40% rooftop and 60% solar farms) 
o 60 GW wind 
o 10 GW bio power 
o 5 GW small hydro 
• NDC to achieve 40% cumulative electric power installed capacity from non-fossil fuel 
sources by 2030 [68].  
• NDC to reduce emissions intensity per unit GDP by 33-35% by 2030 from 2005 levels 
[68]. 
Over the last few years, India has grown to become a major market for renewable energy, 
especially solar PV. Although there is international pressure to shift from fossil fuels to 
renewables to combat climate change, India also has its own social and economic reasons to 
employ more renewables. Utility scale solar and small wind energy can provide clean energy 
access to small communities that are not connected to the grid [23], making it a useful tool in 
reducing energy poverty. Additionally, the consumer cost of using solar power per kWh has 
recently dropped significantly to become cheaper than coal [69]. This is largely attributed to 
the increased interest and investment in India’s renewable energy market due to favourable RE 
subsidies that support the renewable energy market [70]. However, another motivator behind 
the diversification of their electricity portfolio is their reliance on coal imports. Although India 
is a large producer of coal, it’s diminishing coal supplies and inefficient extraction methods 
makes it difficult to meet their high demand [64, 70]. This indicates that although RE subsidies 
have helped promote RE technology, they were aided by other social, economic and political 
factors. As a result of these motivators, it is expected that India will achieve their NDC by 
2027; three years earlier than expected according to a draft of their next 10 year energy 
blueprint by the Indian Government [71]. This will result in an expected 24% of their electricity 
generation being sourced from renewables in the year 2026-2027 [72]. 
 
33 
 
The strong movement towards renewables shows a promising future, however there is still a 
growth in India’s coal industry. India currently has approximately 185GW of coal capacity 
installed (compared to their 42GW of installed renewable capacity), with approximately 80GW 
of this being installed since 2012. Additionally, a further 50MW of coal fired power is due to 
come online from 2017-2022, totalling to about 235GW [72]. In an attempt to reduce their 
carbon intensity, they are increasing their coal based capacity with supercritical coal fired 
power stations instead of subcritical, making them more efficient and less carbon intensive. As 
such, it is not only RE subsidies that are being used to reduce emissions, but also fossil fuel 
policies.  
Based on their predictions of electricity demand, all of their future demand (up until 2027) can 
be met by their future renewable capacity and the 50GW of coal already being 
constructed/approved [72]. This means that they are not expecting to install or commission any 
new coal power stations until after 2027. The IEA predicted that by 2040, India will have a 
total of almost 440GW of coal power capacity, placing them as the second largest coal fleet 
behind China [73]. In the recent draft National Electricity Plan, the Indian government believes 
that the estimates provided by the IEA for India’s coal growth post-2022 should be reduced in 
response to their recent efforts to reduce their carbon emissions [72]. Although this is a good 
indicator towards a less carbon intensive future after 2027, their installed coal power capacity 
is still expected to be their dominant power source at 40%, which is down from the current 
61% [72]). It should be noted that in addition to the planned increases in renewable energy, 
India is also planning to install 4.8GW of nuclear and 50GW of gas by 2027, tripling their 
installed capacity of gas [72]. These are other, non-renewable alternatives to reducing their 
carbon intensity that are not impacted by RE subsidies.  
Although India’s carbon intensity due to electricity generation is currently the highest in the 
world, their carbon intensity per unit GDP is just below the global average at approximately 
295 gCO2/GDP [60]. This is much lower compared to China’s 500 gCO2/GDP. The IEA 
predicts that by 2040, India will still have the highest carbon intensity of electricity production 
even with government efforts to reduce it. Similar ethical questions can be raised here. Due to 
India’s large impact on global emissions, reducing their emissions is crucial to achieving a low 
carbon future (as seen for China). However, a large portion of their population still does not 
have basic access to electricity, and most of the population consumes less than the global 
average. An effective way of combating carbon emissions is to switch from coal to renewables 
or less carbon intensive thermal energy like gas. These are generally more expensive and less 
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reliable, particularly renewables. In addition, India does not have large supplies of natural gas 
and will have to import their supply, thereby reducing their energy security [64, 72]. Should 
India be expected to prioritise climate change ahead of its people? Resources being put into 
subsidising and supporting renewables means less resources to directly tackling energy poverty 
using quick and reliable fossil fuels. India is doing well in their attempt to tackle both at the 
same time, but in doing so must divide their resources, likely resulting in the slower 
development of both. However not all countries can tackle both problems at once.  
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4.2.3 The Rest of the Developing World 
The regions of Africa and Southeast Asia, although individually smaller contributors than 
China and India, also have a key role in the future of carbon emissions. They are the next two 
largest contributors to future electricity consumption behind China and India, each contributing 
8% and 9% respectively. All four regions together will account for 65% of growth in future 
electricity consumption [1]. 
4.2.3.1 Africa 
Africa’s electricity production in 2015 consisted mostly of fossil fuels, followed by hydro as 
seen in Figure 17 (collated using data from [9], See Appendix 3 for more details). Hydro 
includes ocean and tidal power; however, the majority of hydro is still large scale. The largest 
electricity producers are South Africa at 32% of total electricity generation, followed by Egypt 
at 23%. They are both also the largest fossil fuels consumers; most of the other African nations 
are also heavily reliant on fossil fuels, with some relying on hydro (namely Cameroon, 
Mozambique, Democratic Republic of Congo, Ethiopia and Zambia). South Africa has the 
largest share of solar & wind power and also has all of Africa’s nuclear power production. In 
total, Africa’s electricity production is very small, accounting for only 3% of global electricity 
production [9]. 
Figure 17: Electricity Generation in Africa by source 2015 
 
 
Fossil 80%
Nuclear 2%
Hydro 16%
Geothermal 
1%
Solar & Wind
1%
Biofuel & 
Waste 0.2%
Electricity Generation in Africa 2015
36 
 
The region of Africa is typically split into two regions; North Africa and Sub-Saharan Africa. 
North Africa includes Algeria, Egypt, Libya, Morocco and Tunisia (as well as Western Sahara, 
which is currently under UN mandate), with the remaining nations making up sub-Saharan 
Africa. Sub-Saharan Africa accounted for 57% of Africa’s total electricity production in 2015 
[9].  
Sub-Saharan Africa is home to just over half of the people with no access to electricity. In 
contrast, North Africa only has 1% of their population (around 2 million people) living without 
electricity access [74]. Although both regions are going to continue developing further, Africa 
will still be a relatively small electricity contributor by 2040. Sub-Saharan Africa is still 
expected to have problems with energy poverty, with an estimated 530 million people still 
without electricity in 2040 [74]. Those that do gain access to electricity (both on and off-grid) 
will contribute around 20% to electricity demand growth, overall accounting for less than 15% 
of total electricity demand in 2040 [74]. Industry is, and will stay, the largest source of 
electricity demand. North Africa is expected to increase its electricity demand five-fold by 
2040 to account for 44% of Africa’s total electricity demand [74]. 
So how will Africa deal with their growing energy demand? Although there are limited 
projections after the year 2040, any growth in the electricity industry before then will have 
long-term consequences due to the average 30-year lifespan of many energy projects. If they 
decide to supply their growing electricity demand using fossil fuels, they may follow the path 
previously taken by developed nations; heavy use of fossil fuels during early development 
followed by the slow and gradual adoption of renewables as they become more developed. 
Sub-Saharan Africa is expected to reduce the installed capacity of fossil fuels from 80% of 
total electricity generating capacity in 2015 to 54% in 2040, with a larger portion of their fossil 
fuel production being sourced from natural gas. Electricity supplied by large hydro is also 
expected to increase from 22% in 2015 to 26% in 2040. Although solar and wind are relatively 
small contributors, solar PV and CSP together are expected to supply 6% of electricity in 2040; 
however the wind industry sees little of this growth [74]. North Africa follows a similar 
projection, with most of new electricity generating capacity coming from fossil fuels (mostly 
natural gas) [75]. 
Total carbon emissions are expected to double by 2040, rising Africa’s share in global 
emissions from 2% to 3%. However, due to efficiency improvements and a shift towards less 
energy-intensive industry, their carbon intensity per unit GDP is expected to halve by 2040 
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[74]. This can also be attributed to their higher use of gas instead of coal. This is a good sign 
for future carbon emissions, however renewable energy subsidies have had little to do with it 
as renewables are still very much underrepresented.  
4.2.3.2 Southeast Asia 
Southeast Asia refers to the Association of Southeast Asian Nations (ASEAN): Brunei 
Darussalam, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, 
Thailand and Viet Nam. Together, they account for 64% of the electricity production in Asia 
(excluding India and China). Their electricity makeup can be seen in Figure 18 (collated using 
data from [9] See Appendix 3 for more details). The largest electricity producers are Indonesia, 
Thailand, Viet Nam and Malaysia, all of whom are heavily reliant on fossil fuels. In total, 
Southeast Asia contributes just under 4% to global electricity production [9]. 
Figure 18: Electricity Generation in Southeast Asia by source 2015 
 
In 2013, natural gas supplied around 44% of fossil fuel powered generation, with coal 
providing 32%. However, by 2040, the share of coal is expected to increase to 50% and the 
share of gas fall to only 26%. This is due to the price advantage and availability of coal in the 
region, as Indonesia is currently the world’s largest exporter of coal [76]. Indonesia, Thailand, 
and Malaysia, as the three largest electricity consumers, have all expressed their intention to 
expand their use of coal in the coming years. This will generate an expected 5.4% annual 
increase in coal powered generation to 2040; contrary to many other nations who are beginning 
to reduce their use of coal. In addition, most of their coal powered generation is subcritical, 
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making up 90% of current installed capacity and 70% of the new additions in 2014. Subcritical 
coal power is expected to account for 53% of their installed coal power capacity in 2040, 
dropping from 76% in 2020. Although renewables are expected to supply 22% of electricity 
generation in 2040, most of their future demand will be met using coal. Additionally, large 
scale hydro still dominates at 12%, with solar and wind only accounting for 4%, geothermal 
for 3% and bioenergy for 3% [76]. This coupled with the reduction of gas powered generation 
will result in increased carbon emissions; continuing the strong link between economic growth 
and carbon emissions. The small growth in the solar and wind sector and heavy use of fossils 
fuels also shows the lack of impact that renewable energy subsidies have had on Southeast 
Asia’s electricity make-up. 
4.2.4 In Conclusion 
The aim of renewable energy subsidies is to reduce carbon emissions by aiding the growth of 
the renewables industry; however future energy demand originating in developing nations will 
be met using majority non-renewable sources. Although China and India have climate change 
goals and plans to reduce their carbon emissions, employing more renewable energy is not the 
only way they plan to achieve this. Natural gas and other efficiency measures will be used as 
well alongside renewable energy. Additionally, Southeast Asia and Africa show weaker signs 
of renewable energy growth. Southeast Asia is showing a strong preference for coal over solar 
and wind, with little motivation to reduce their carbon emissions by other means such as natural 
gas or more efficient coal power. This shows that renewable subsidies are not having a big 
enough impact on their own as not enough fossil fuels are being substituted with renewable 
energy. Instead, renewables are being used alongside other sources like nuclear, gas, and large 
hydro, all of which are mostly unaffected by renewable energy subsidies. This reflects poorly 
on the effectiveness of renewable energy subsidies at reducing carbon emission in developing 
nations. In areas where renewable energy subsidies have been more effective (namely in India), 
they were aided by other government priorities like energy security. Renewable energy 
subsidies alone don’t seem to be enough to convince nations to shift away from fossil fuels. 
This brings to light the following questions; what other government drivers have made nations 
choose to promote renewable energy subsidies? Can they work effectively without the aid of 
other drivers if given enough time and money, especially in developing nations? Are carbon 
emissions and the environment a large enough driver to encourage the switch from fossil to 
renewables? These topics will be explored in more detail in the next chapter. 
  
39 
 
5 DRIVING FACTORS OF GOVERNMENT DECISIONS 
Most of future electricity demand will come from developing and underdeveloped nations. 
Therefore, their decision-making mechanisms will have a bigger impact on the future of power 
generation compared to developed nations, who will see modest electricity demand growth. 
Renewable energy subsidies have undoubtedly played a part in the rapid growth of the 
renewable energy sector, as they have never been as affordable as they are today. However, 
many developing nations are still intending to use fossil fuels to meet their growing electricity 
demand. What is driving them to strongly prefer fossil fuels over renewables? What if the 
problem originates with the subsidies themselves? If given more time and money, would 
renewable energy subsidies grow the industry enough to warrant its widespread use as a fossil 
fuel alternative? Or do they need a certain set of supporting social, economic and political 
factors to be effective? If that is the case, can renewable energy subsidies be considered 
effective at all? Especially considering the vast differences between nations. The purpose of 
this chapter is to explore the different driving forces behind energy policy and how they may 
impact the growth of renewable energy; reflecting on the effectiveness of renewable energy 
subsidies.  
Effective energy policy supports the production and distribution of electricity to maximise 
country growth and development, both economically and socially. For energy policy to be 
effective, it must be sustainable. This is commonly defined as “meeting the needs of the present 
without compromising the ability of future generations to meet their own needs” [77]. 
Sustainable energy policy aims to be effective by meeting current needs and providing a solid 
foundation that can be built upon to meet future needs. The aim and motivators of sustainable 
energy policy can be broadly grouped into three categories:  
1. Energy Security: Ensuring an adequate and reliable supply of energy. This also 
includes resource independence. 
2. Environment: Reducing and controlling the health and environmental impacts of 
energy production and consumption. 
3. Social & Economic: Energy affordability and access. 
These drivers are very broadly defined, and can be interpreted differently between nations, 
particularly between developed and developing nations. These differences will be discussed in 
more detail in the following sections. 
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5.1 ENERGY SECURITY 
Energy security can be defined as having reliable energy sources that provide uninterrupted 
electricity at affordable prices [1]. In the short term, this can include having an electricity grid 
that can adequately meet a fluctuating demand. In the long term, resource independence 
becomes a focus to avoid over reliance on imports. These are the two main aspects of energy 
security that will be discussed; reliability and resources independence. 
5.1.1 Reliability 
For an electricity grid to be reliable, each aspect of the system must be working. This includes 
adequate and reliable power generation at the source, and a working transmissions system to 
deliver electricity to the end user. Both systems must be maintained and able to handle the 
fluctuating energy demand throughout the day, all year round. A failure in either part of the 
system can lead to disruptions and blackouts. 
Reliable power sources include fossil fuels, nuclear, large scale hydro and geothermal. Large 
hydro and geothermal are reliant on natural resources, but once tapped can provide reliable 
energy. Fossil fuels and nuclear fuel sources can be produced locally if available or imported 
from other nations. The abundance of fossil fuels and political tension surrounding nuclear has 
made fossil fuels the preferred energy of choice for many nations. In contrast, the largest 
growing renewable energies, namely wind and solar PV, have fuel sources that are reliant on 
the weather and resource availability (namely high wind speeds and solar insolation). This 
inherently makes fossil fuels the preferable energy source to provide reliable power generation; 
especially with the limited options of large scale electricity storage systems. This is reflected 
in the energy makeup of most nations, which consist of majority fossil fuels with a smaller 
amount of renewable energy. A few exceptions to this include countries with ample sources of 
large and reliable hydropower, such as Norway, New Zealand, and Canada [42]. This 
technological barrier actively works against the mass deployment of renewable energy, 
highlighting a source of inefficiency in the ability of renewable energy subsidies to reduce 
emissions.  
Renewable energy needs a reliable baseload power source to make up for its intermittency. 
Most developed nations already have a well-developed electricity grid with a strong foundation 
of fossil fuel or large hydropower, capable of supporting solar PV and wind. However, many 
developing nations and most underdeveloped nations do not yet have this baseload capability. 
Demand for electricity in developed nations is slowing down, removing the need to expand 
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their base generating capacity, whereas developing nations like China and India must cater to 
their quickly growing energy demand. Although they are planning to install large amounts of 
renewable energy, it is being supported by fossil fuels to ensure reliability. Undeveloped 
nations, most of which are in sub-Saharan Africa, have problems with providing reliable power 
at all. Inadequate power generating capacity and poor maintenance of installed capacity is 
mostly to blame for supply side shortages [74]. Power outages are common in sub-Saharan 
Africa and can last as long as 6 hours per day in some countries, with many another nations 
experiencing on average 2-3 hours per day, as seen in Figure 19 [74]. The lack of reliable 
electricity reduces the productivity of business, and has resulted in an average annual sales loss 
of 4.9% [74]. The frequency of power outages has forced businesses to run diesel powered 
generators, which are inefficient, expensive and carbon intensive [74].  
Figure 19: Duration of electrical outages and impact on business sales in 
sub-Saharan Africa 
 
Lack of electricity access also results in the use of unsafe cooking facilities, as well as shorter 
productive hours due to a lack of lighting for evening activities. For many underdeveloped 
nations, the negative impacts of unreliable power on a nation’s economic and social 
development are much more pressing and tangible than the impacts of climate change. This 
has resulted in most of sub-Saharan nations focusing their energy policy on energy access and 
reliability instead of renewable energy penetration. However, a few nations including Ethiopia, 
Senegal, Mozambique, South Africa and Ghana have also introduced renewable energy targets 
[74]. 
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Another source of unreliability is an inadequate transmission system or overloading of the grid. 
When the grid is asked to draw more power than available, it can result in damage to its major 
components; a problem that is prevalent in developing nations [78]. A poorly constructed 
transmission grid also results in high transmission losses, resulting in an average 18% power 
loss across sub-Saharan Africa. Coupled with low quality infrastructure, poor maintenance, 
and power theft (prevalent in India), it is unsurprising that the electricity network of developing 
and underdeveloped nations is unreliable. 
Although renewable energy subsidies have helped improve the accessibility of off-grid solar 
and wind, it has had little impact on the ability to provide reliable grid electricity. Renewable 
energy subsidies are only effective at increasing the share of renewables if there is already a 
sufficiently developed electricity grid to build upon; something many developing and 
underdeveloped nations lack, making renewable energy subsidies an ineffective method of 
combating carbon emissions. This leaves fossil fuel as the energy source of choice to provide 
developing and underdeveloped nations with affordable and reliable power. As seen in many 
parts of Asia, this typically involves the construction of subcritical coal power plants due to 
their lower construction and fuel costs, resulting in increasingly carbon intensive electricity 
production. Perhaps a more effective use for renewable energy subsidy is to subsidise the use 
of less carbon intensive fossil fuels, such as natural gas and supercritical coal. Or used to 
research better energy storage systems to help mitigate the unreliability of renewables. 
Alternatively, they could provide developing nations with funds and expertise to help build a 
strong distribution network that is robust and well maintained to cut efficiency losses.  
5.1.2 Resource Independence 
It is desirable for nations to develop some resource independence to avoid being reliant on 
other countries for energy; this includes imports of fuel such as gas and coal or electricity. 
Planning to achieve full independence is uncommon, because some nations are naturally richer 
in energy resources than others and may be able to produce electricity and fuel resources at a 
much lower cost. However, being overly reliant on energy imports makes a nation vulnerable 
to fluctuating prices and in some cases put them in a politically vulnerable position. This is an 
area where renewable energy is often used as it allows countries to diversify their domestic 
electricity mix and reduce their reliance on foreign imports [1]. 
Resource independence is a factor that can support the growth of the renewable energy sector. 
This was seen in India, where renewable energy is being used as a means to reduce their 
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reliance on coal imports. Similar situations can also be found in developed nations such as the 
U.S., Japan, and the EU; all nations are expected to increase their domestic supply of energy 
and reduce their reliance on imports by increasing their share of renewable energy [1]. 
However, this is limited by a countries natural resources and existing power generation. 
Although India is boosting its renewable energy generation, their share of domestic electricity 
supply is expected to decrease. This is due to the development of more supercritical coal power 
plants to reduce their emissions intensity, as the coal locally produced in India is low in quality 
and is unsuitable for use with new coal power plants. A similar situation can also be seen in 
China. Although they are growing their renewable sector, they are also growing their use of 
fossil fuels to meet their increasing power demand. 
The extent to which resource independence can help the effectiveness of renewable energy 
subsidies is limited, again, to the structure of a countries electricity network. In developed 
nations with a strong grid and stable demand, they can gain resource independence through 
renewables because they have a strong reliable foundation of fossil fuels. The motivation of 
resource independence is also applicable to developing nations like China and India who have 
more developed grids compared to the underdeveloped nations in sub-Saharan Africa; although 
their growth of fossil fuels is still strong to support their growing economies. Sub-Saharan 
Africa has resource independence as a lower priority compared to energy reliability, which is 
reflected in the energy policy of many of these nations. Many nations have energy policy 
focusing on connecting more people to the grid (See Appendix 4). Therefore, resource 
independence does not provide enough support to help renewable energy subsidies. 
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5.2 ENVIRONMENT 
Sustainable energy policy also looks to minimise the environmental and health impacts of 
energy production. However, this can be interpreted quite differently between developed, 
developing, and underdeveloped nations. Most of the subsidy spending in the past was done 
by developed nations, with the aim of growing the renewable energy sector to reduce global 
carbon emissions and the effects of climate change. However, many developing and 
underdeveloped nations have other environmental goals that they aim to achieve through their 
energy policy, which may or may not prioritise the use of renewable energy. These are explored 
in more detail below. 
The problem of smog and air pollution is one of the drivers behind China’s recent growth in 
renewable energy use. Although climate change is not the main driver behind this, the resulting 
energy policy has the benefit of reduced carbon emissions, aligning with the goal of reducing 
the impacts of climate change. The reduction of air pollution and smog, in the case of China, 
has helped renewable energy subsidies grow its market. But how would renewable energy 
subsidies fare without the problem of air pollution? China’s current problem with air pollution 
can be attributed to the lack of environmental concern during its rapid industrialisation, 
focusing on economic development over the environment [79]. In 2013, a state of emergency 
was declared in Beijing as air pollution reached dangerous levels. This brought about massive 
public outcry and international media scrutiny, forcing the Chinese government to confront the 
issue [54, 79]. This was when efforts to reduce air pollution began in earnest, providing an 
incentive for the government to employ renewable energy. Therefore, if the problem of 
pollution did not escalate to high levels, it is unlikely that renewable energy would have grown 
as quickly as it did in China. In this case, renewable energy subsidies were aided by 
environmental issues that surrounded human health more than climate change. 
Other developing and underdeveloped nations also have similar health related incentives that 
dictate their energy policy. An estimated 2.8 billion people don’t have access to clean cooking 
facilities, instead relying on solid biomass, kerosene, or coal [53]. These have severe health 
impacts due to the lack of ventilation and high particulate emissions, resulting in an estimated 
2.8 million premature deaths per year [80]. The majority of these people are located in India 
and sub-Saharan Africa, each accounting for 814 and 846 million people respectively, with the 
remaining people located in Asia [53]. Cooking facilities can be improved by replacing 
traditional biomass fuels with natural gas, liquefied petroleum gas (LPG) or electricity, with 
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LPG and natural gas showing the most success. The more real and tangible threat of unsafe 
cooking facilities draws attention away from carbon emissions and climate change.  
In general, the key difference between developed and developing nations is the presence of 
other more tangible threats to human health. Developed nations have few issues surrounding 
air pollution, smog or dangerous cooking facilities, allowing them to focus their energy policy 
on the long-term effects of climate change. In contrast, developing and underdeveloped nations 
have the more pressing issues of basic energy access and dangerous cooking facilities. Tackling 
these problems on a large scale requires reliable and affordable electricity and energy sources, 
currently two characteristics best held by fossil fuels.  
So, in order to combat the growing emissions of developing nations, one of two options need 
to occur; renewables become more effective than fossil fuels at solving the environmental 
problems of developing nations (which is what renewable energy subsidies are aiming to 
achieve), or the environmental problems are solved by other means to allow them to focus more 
of their energy policy on the global threat of climate change. The first option is reliant on 
solving the inherent unreliability of renewable technology, which is something developed 
nations still have problems with. The second option is currently being pursued by developing 
and underdeveloped nations using limited resources, resulting in the use of carbon emitting 
fossil fuels due to their reliability and affordability. So instead of waiting for developing nations 
to slowly deal with these problems themselves, perhaps a more effective use of renewable 
energy subsidy spending is to provide direct aid. This will allow developing and 
underdeveloped nations to more quickly shift their focus to the fight against climate change, 
hopefully accelerating the reduction of future carbon emissions. 
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5.3 SOCIAL & ECONOMIC 
Social and economic pressures are drivers that focus on the provision of affordable energy that 
satisfies the public need. How these drivers impact the effectiveness of the renewable energy 
subsidies depends on the definition of affordable and satisfactory, with the two being very 
closely linked.  
In developed nations, satisfactory energy access is achieved when power is reliable, affordable 
and sufficient to meet consumer needs. People living in developed nations expect there to be 
power when a switch is turned on, with grid reliability being assumed. In contrast, developing 
nations experience frequent outages and consider grid reliability an exception instead of the 
rule. These factors combined with the wealth of a country’s population dictate their definition 
of affordable.  
Households with higher incomes, such as those in developed nations, can afford to spend more 
on their electricity bill. However, this comes with the expectation of reliability; which if not 
met can result in large public outcry, as experienced in Australia during the South Australian 
blackouts in September of 2016. Although the cause of the blackout was determined to be an 
error in a wind farms control system [81], many of the general public believed it was South 
Australia’s high use of unreliable and expensive renewable energy that caused the blackout. 
This resulted in the increasing public disapproval of renewable energy. Similarly, various 
European countries are experiencing rising political tensions regarding the use of renewable 
energy due to increasing electricity costs. These factors highlight that affordability and 
reliability are commonly prioritised over climate change even in developed nations.  
Developing nations also have similar priorities, but for different reasons. Households in 
developing and underdeveloped nations are characterised by their lower average household 
incomes. This reduces the amount they can afford to pay for electricity, thereby reducing the 
income available to produce and distribute electricity. As a result, cheaper fuels (typically fossil 
fuels) are used alongside weak transmission and distribution systems. This results in cheap but 
unreliable power, with transmission being a major cause of this unreliability. Although 
subsidies have brought down the cost of renewable energy and made it more affordable, 
reliability is still a problem. The electrical grids of many developing nations are not robust 
enough to handle large amounts of variable load, which is a problem experienced by developed 
nations as well.  This reduces the amount of renewable that a developing country can use, 
thereby limiting the effectiveness of renewable energy subsidies. Perhaps a more efficient use 
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of these subsidies would be to help developing nations construct stronger, more stable grids to 
increase their ability to use renewable energy. 
An additional social driver that is more relevant to developing and underdeveloped nations is 
the issue of poverty. Secure, affordable, and modern access to energy is a key tool in alleviating 
poverty and promoting economic growth [80]. Low income households and those without 
access to electricity are typically the same group of people. This puts energy access as a high 
priority for many developing and underdeveloped nations. Due to the financial limitations 
typically experienced by developing and underdeveloped nations, fossil fuels are the energy of 
choice due their reliability and affordability. Fossil fuels were the backbone of China’s mass 
industrialisation, bringing millions of people out of poverty and growing China’s economy into 
one of the largest in the world [82]. However, this rapid growth in energy access normally 
comes at the expense of the environment, as the cheapest fossil fuels are also the most carbon 
intensive. This has resulted in the widespread use of inefficient technologies like subcritical 
coal, as reflected in Asia’s coal generating capacity. However, the decision to choose poverty 
alleviation over reduced carbon emissions is obvious for developing and underdeveloped 
nations; a decision that is being reflected by the growing use of fossil fuels in India, China, 
Asia and sub-Saharan Africa. If renewable energy subsidies were effective, these countries 
would be including more renewable energy as part of their energy developments. As it stands, 
renewable energy subsidies have not had a large enough impact on the renewable energy sector 
to warrant its widespread use among developing nations, thereby reducing its effectiveness as 
a means of combating global carbon emissions. 
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6 CONCLUSION 
The electricity generation industry has a long history of fossil fuel use, the dominant source of 
today’s electricity production. As a result, carbon emissions have risen drastically since the 
start of the industrial revolution, bringing to light the damaging impact that emissions are 
having on the earth’s climate. This gained the attention of many developed nations, especially 
the EU, who began subsidising renewable energy (in particular wind and solar PV) as a carbon 
free alternative to fossil fuels to combat rising emissions. Although solar PV and wind still 
suffer from unreliability and a lack of energy storage options, they are now more affordable 
than ever. This grew the share of solar and wind in Europe’s electricity production and 
stabilised the carbon emissions of developed nations. As the production of electricity shifted 
from developed nations to developing nations, the hope was that renewable energy would be 
used by developing nations to meet their growing electricity demand and combat carbon 
emissions.  
The rising electricity demand of developing nations is the major source of future carbon 
emissions as they continue to improve energy access and grow their economies. And although 
renewable energy subsidies have increased the share of renewable energy in future electricity 
production, most of the future electricity generation in developing nations will consist of fossil 
fuels. Therefore, renewable energy subsidies are not effective at reducing carbon emissions 
because they have been unable to reduce the use of fossil fuels in developing nations, who are 
the major source of future carbon emissions. 
The ability of renewable energy subsidies to combat carbon emissions is dependent on a 
country’s energy priorities. Developed nations have strong electricity grids and reliable power 
generation, allowing them to focus their energy policy on reducing the effects of climate 
change. This provided a pathway for renewable energy subsidies to reduce carbon emissions 
in developed nations. In contrast, many developing and underdeveloped nations are still trying 
to achieve widespread energy access to alleviate poverty and improve the health and wellbeing 
of their population. They have limited economic resources and poorly developed electricity 
grids that cannot handle the variability of renewables on a large scale. All these things drive 
them to choose the cheapest and most reliable energy source.  
The success of renewable energy subsidies at combating global carbon emissions is reliant on 
a country prioritising climate change over reliability, local environmental problems, and energy 
poverty; an assumption that does not apply to most of the developing world. For the world to 
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begin combating carbon emissions effectively, developing nations must first be allowed to 
solve their own energy problems. So perhaps a better use of renewable energy subsidies would 
be to help developing nations build stronger and reliable electrical grids using efficient fossil 
fuels like natural gas. By doing so, they will be able to more quickly join developed nations in 
their fight against climate change.  
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8 APPENDICES 
8.1 APPENDIX 1: MAPS SHOWING ELECTRICITY PRODUCTION OF DIFFERENT 
FUEL SOURCES 
Total Electricity Production in TWh [47] 
 
% of Wind and Solar in Electricity Production [42] 
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% of Renewable Energy in Electricity Production [48] 
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8.2 APPENDIX 2: TABLES AND CALCULATIONS FOR FUTURE ENERGY 
DEMAND  
Sourced from the World Energy Outlook, IEA [1] 
57 
 
Based on the New Policies Scenario and a starting year of 2014, the following contributions 
can be determined. 
𝑇𝑜𝑡𝑎𝑙 𝑤𝑜𝑟𝑙𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 = 34250 − 20557 = 13693 𝑇𝑊ℎ = 66.6% 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 
𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑏𝑦 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 =  
Δ 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 2014 𝑡𝑜 2040
13693 𝑇𝑊ℎ
× 100% 
Contributions from different countries 
Country 
2014 
(TWh) 
2040 
(TWh) 
Δ 
(TWh) 
% 
China 4982 9116 4134 30% 
India 954 3383 2429 18% 
Southeast Asia 756 2014 1258 9% 
Africa 643 1783 1140 8% 
Middle East 828 1844 1016 7% 
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8.3 APPENDIX 3: ELECTRICITY PRODUCTION IN AFRICA & ASIA 2015 
Source of Data: Electricity Information 2017, IEA [9] 
The region of Africa is typically divided into two groups due to their differences; North 
Africa and Sub-Saharan Africa. North Africa consists of Algeria, Egypt, Libya, Morocco and 
Tunisia (as well as Western Sahara, which is currently under UN mandate). The remaining 
nations make-up Sub-Saharan Africa. 
Region 
Total 
Electricity 
Production 
2015 (TWh) 
Fossil Nuclear Hydro 
Geo-
thermal 
Solar & 
Wind 
Biofuel 
& 
Waste 
Africa 
 
784.09 
629.92 12.24 123.84 4.48 11.71 1.91 
80% 2% 16% 1% 1% 0% 
Sub-Saharan Africa 
  
444.7 312.67 12.24 107.91 4.48 5.50 1.91 
57% 50% 100% 87% 100% 47% 100% 
South Africa 
249.66 228.94 12.24 3.72 0.00 4.45 0.31 
32% 36% 100% 3% 0% 38% 16% 
Egypt 
181.98 166.95 0.00 13.43 0.00 1.60 0.00 
23% 27% 0% 11% 0% 14% 0% 
Asia (excl. China & 
India) 
1357.79 
1086.44 42.55 184.03 21.09 8.27 15.42 
80% 3% 14% 2% 1% 1% 
Southeast Asia 
(ASEAN) 
872.54 727.23 0.00 108.59 21.09 4.06 11.57 
64% 67% 0% 59% 100% 49% 75% 
Indonesia 
233.98 209.05 0.00 13.74 10.05 0.01 1.13 
17% 19% 0% 7% 48% 0% 7% 
Chinese Taipei 
258.03 207.86 36.47 7.51 0.00 2.40 3.79 
19% 19% 86% 4% 0% 29% 25% 
Thailand 
177.76 162.58 0.00 4.74 0.00 2.71 7.73 
13% 15% 0% 3% 0% 33% 50% 
Malaysia 
150.12 135.18 0.00 13.93 0.00 0.27 0.75 
11% 12% 0% 8% 0% 3% 5% 
Vietnam 
153.28 96.98 0.00 56.12 0.00 0.12 0.06 
11% 9% 0% 30% 0% 1% 0% 
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8.4 APPENDIX 4: ENERGY POLICY IN SELECTED SUB-SAHARAN AFRICAN 
NATIONS 
Obtained from Africa Energy Outlook by the IEA, [74]. 
 
